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An automatic implantable cardioverter-defibrillator (AICD) was 
implanted in 40 patients with sudden cardiac arrest (n = 29), 
sustained monomorphic ventricular tachycardia (n = 10) or 
recurrent syncope (n = 1) who were unsuitable for direct ablative 
surgery or had had unsuccessful medical therapy. The effect of 
patch electrode polarity on the defibrillation threshold was pro-
spectively evaluated. Two large epicardial patches were used. 
Initial polarity was selected at random. Ventricular fibrillation 
was induced by direct current and a preestablished defibrillation 
protocol employed to assess the minimal energy that would 
reproducibly defibrillate the heart. 
The automatic implantable cardioverter-defibrillator (AI CD) 
has been shown to render significant survival benefit to 
patients with malignant arrhythmias and is being increas-
ingly used (I). It is desirable to obtain the minimal defibril-
lation threshold possible at implantation so that safe and 
effective use of the device can be predicted. Factors known 
to influence the defibrillation threshold include the size (2) 
and location (3) of the defibrillating electrode patches, the 
waveform (4) and sequence (5) of the defibrillation pUlse, as 
well as the presence of antiarrhythmic agents (6). In a study 
of a select group of survivors of sudden cardiac arrest, 
others (7) suggested that patch polarity may also affect the 
defibrillation threshold. This prospective study was per-
formed to investigate the effect of patch polarity on defibril-
lation threshold in a series of patients who underwent AICD 
implantation for drug-refractory malignant arrhythmias or a 
history of sudden cardiac arrest. 
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Nineteen patients had a lower defibrillation threshold with the 
inferior left ventricular patch as an anode and nine patients had a 
lower defibrillation threshold with this patch as a cathode. In 
general, the defibrillation threshold was lower when this patch 
was used as an anode than when it was used as a cathode (18 ± 10 
versus 22.6 ± 12.2 J; p < 0.01). No preoperative variable 
predicted optimal polarity. Therefore, the effect of patch polarity 
on defibrillation threshold should be assessed in each patient at the 
time of AICD implantation so that the safety margin for satisfac-
tory device function can be maximized. 
(J Am Coli CardioI1991;17:707-11) 
Methods 
The clinical protocol was approved by the Ethical Review 
Boards of Baylor College of Medicine and the Methodist 
Hospital in Houston, Texas. 
Study patients. Forty AICD candidates with ventricular 
tachycardia unsuitable for direct ablative surgical therapy or 
refractory to medical therapy were evaluated intraopera-
tively during the initial implantation (n = 39) or at the time of 
generator replacement (n = 1) to assess the effect of elec-
trode polarity on defibrillation threshold. The mean age of 
the patients was 57 ± 12 years; 12 patients (30%) were 
female. The principal cardiovascular diagnoses were coro-
nary artery disease in 25 patients (63%) and cardiomyopathy 
in 10 (25%). Three patients (8%) had no known heart disease. 
One patient had undergone surgical repair for tetralogy of 
Fallot and one had significant mitral regurgitation due to 
myxomatous degeneration of the valve. Two patients under-
went concomitant coronary artery bypass surgery. Nineteen 
patients (48%) had a history of previous myocardial infarc-
tion and 12 (30%) had previously undergone coronary artery 
bypass surgery. The mean ejection fraction was 34.1 ± 
17.4%. The average number of antiarrhythmic drug failures 
before implantation was 3.1 ± 1.8. Fifteen patients were 
discharged after implantation on antiarrhythmic therapy 
(seven on amiodarone, four on a beta-adrenergic blocker and 
one each on procainamide, quinidine, encainide or imipra-
mine). 
Electrophysiologic studies. The presenting diagnosis was 
sudden cardiac arrest in 29 patients (73%), sustained mono-
morphic ventricular tachycardia associated with syncope or 
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near syncope in 10 patients (25%) and recurrent syncope in 
I patient (3%) with severe dilated nonischemic cardiomyop-
athy. Preoperative electrophysiologic studies were per-
formed in 39 patients (98%). The patient not studied had a 
history of well documented recurrent episodes of sudden 
cardiac arrest requiring resuscitation, despite four antiar-
rhythmic drug trials guided by Holter electrocardiographic 
monitoring and exercise testing. He was referred from 
another country for AICD surgery. 
Of the 29 patients presenting with resuscitation after 
sudden cardiac arrest, tachycardia was not inducible in 4 
patients at baseline electrophysiologic study; 3 had sustained 
monomorphic ventricular tachycardia induced and 21 had 
induction of ventricular fibrillation or polymorphic ventric-
ular tachycardia. One patient was not studied. Of the 10 
patients presenting with monomorphic sustained ventricular 
tachycardia associated with syncope or near syncope, ven-
tricular arrhythmia was noninducible in I, 5 had sustained 
monomorphic ventricular tachycardia and 4 had induction of 
ventricular fibrillation or polymorphic ventricular tachycar-
dia. 
Surgical approach. Surgical access was by means of 
median sternotomy in 2 patients and the left subcostal 
approach in 38 patients (8). Two large patch electrodes 
(Cardiac Pacemakers) were positioned intrapericardially to 
lie on the anterior and inferior surfaces of the left ventricle 
and oriented so that they were opposite one another and 
were well separated by the heart throughout their length. If 
satisfactory defibrillation thresholds were not obtained in 
this configuration despite polarity reversal, the anterior 
patch was moved rightward, overlying more of the right 
ventricle and its outflow tract, and the assessment was 
repeated. If the defibrillation threshold remained unsatisfac-
tory, a right minithorocotomy was performed to place one 
patch against the right atrium in an intrapleural extrapericar-
dial position (9). Because anesthetic agents may modify 
defibrillation energy requirements, gas anesthesia was 
avoided when possible and anesthesia was maintained 
throughout surgery with intravenous Fentanyl (0). Serum 
potassium was measured preoperatively in all patients and 
supplements were administered when required to achieve 
and maintain a minimal level of 4.0 mEq/liter. Patients were 
normothermic at the time of defibrillation threshold assess-
ment. 
Intraoperative defibrillation threshold assessment. The 
initial electrode polarity (location of the positive electrode) 
was chosen at random. Direct current was used to induce 
ventricular fibrillation. The pulse generator used for defibril-
lation testing (external cardioverter-defibrillator, Cardiac 
Pacemakers) delivered a single monophasic truncated expo-
nential waveform pulse. Defibrillation threshold, defined as 
the least energy that reproducibly defibrillated the heart 15 s 
after induction of ventricular fibrillation, was determined in 
the following manner: the initial defibrillation pulse of 15 J 
was administered 15 s after induction of ventricular fibrilla-
tion. If cardioversion to sinus rhythm was not achieved, 
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defibrillation was again attempted with use of 20 J. If 
defibrillation attempts at this energy level were persistently 
unsuccessful, the pulse amplitude was increased to 25 J and 
a third defibrillation pulse delivered. If ventricular fibrillation 
persisted, subsequent shocks of 30 and 40 J were delivered 
before an external 200 J rescue shock was used. 
Electrode polarity was then reversed. Ventricular fibril-
lation was reinduced and the process repeated starting with 
15 J. If successful defibrillation occurred at any level in 
either polarity, we confirmed the effectiveness of this level 
with another induction. We then evaluated the opposite 
polarity to determine the minimal energy level that would 
reproducibly defibrillate the heart. If the initial 15 J pulse 
was successful, defibrillation efficacy was also assessed at 
progressively lower energy settings 00, 5, 3 and 2 1). If 
defibrillation was unsuccessful at any test, the heart was 
defibrillated using the preceding energy setting. Polarity was 
reversed and after induction of ventricular fibrillation, car-
dioversion was attempted using the last successful energy 
setting (that is, the defibrillation threshold established with 
the previous polarity). If successful, progressively smaller 
energy settings were used in the new configuration. Repro-
ducibility of defibrillation was confirmed at the lowest en-
ergy setting that produced defibrillation. A minimal rest 
period of 4 min was taken between successive inductions of 
ventricular fibrillation (I J). 
Statistical analysis. Data are expressed as mean values ± 
SD. Statistical comparisons among the groups were by 
one-way analysis of variance. Where the F test was positive, 
the Newman-Keuls test for multiple comparisons was used. 
The paired t test was used to compare the two electrode 
configurations with respect to delivered energy at the de-
fibrillation threshold. A p value <0.05 was considered sig-
nificant. 
Results 
Defibrillation data (Table 1). The initial left ventricular 
inferior patch polarity was positive in 19 patients and nega-
tive in 21. Three patient groups were defined on the basis of 
defibrillation testing. Group I (n = 19) had a lower defibril-
lation threshold with the inferior left ventricular patch as an 
anode, Group II (n = 9) had a lower defibrillation threshold 
with the inferior left ventricular patch as a cathode and 
Group III (n = 12) had identical defibrillation thresholds in 
both configurations. In six patients with an initially unsatis-
factory defibrillation threshold, a right minithorocotomy was 
performed to place one patch electrode against the right 
atrium. The average number of ventricular fibrillation induc-
tions was 9.1 ± 4.9. The average number of shocks delivered 
was 17. I ± 11.5. 
Polarity reversal (Table 1). The energy levels required for 
defibrillation at the time of polarity reversal were compared. 
When the inferior left ventricular patch served as an anode, 
the average defibrillation threshold was 18 ± 10 J, whereas 
when this patch served as a cathode the threshold was 
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Table 1. Clinical Characteristics and Defibrillation Thresholds in 40 Patients 
Pt. 
No. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15* 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34* 
35 
36 
37 
38 
39 
40 
Age (yr)1 
Gender 
64/F 
37/F 
49/M 
67/M 
62/M 
58/M 
5 11M 
311F 
54/M 
66/F 
45/M 
58/M 
28/F 
67/M 
66/M 
65/M 
45/M 
39/F 
60/M 
6 11M 
69/M 
53/M 
64/F 
63/M 
75/M 
71/F 
73/M 
59/M 
48/M 
6 11M 
60/F 
60/M 
68/F 
45/F 
40/M 
49/F 
74/M 
50/M 
47/M 
77/M 
Clinical 
Arrhythmia 
SCA 
SCA 
SCA 
VT 
SCA 
VT 
SCA 
SCA 
VT 
VT 
NSVT 
SCA 
VF 
VT 
VF 
SCA 
SCA 
SCA 
VT 
SCA 
SCA 
SCA 
SCA 
VT 
VF 
SCA 
SCA 
VT 
SCA 
SCA 
SCA 
SCA 
SCA 
VF 
VT 
SCD 
VT 
SCA 
VF 
VF 
Diagnosis 
CAD 
CMY 
CAD 
CMY 
CAD 
CAD 
CAD 
CMY 
CAD 
CAD 
CMY 
NKHD 
ToF 
CAD 
CAD 
CAD 
CAD 
CMY 
CAD 
CAD 
CAD 
CAD 
MVD 
CAD 
CAD 
CAD 
CAD 
CAD 
CAD 
CAD 
NKHD 
CMY 
CMY 
CAD 
CMY 
NKHD 
CMY 
CMY 
CAD 
CAD 
Previous 
MI 
Y 
N 
Y 
N 
Y 
N 
Y 
N 
Y 
Y 
N 
N 
N 
N 
N 
Y 
Y 
N 
Y 
Y 
Y 
Y 
N 
Y 
Y 
N 
Y 
Y 
Y 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
Y 
N 
Previous 
CABG 
N 
N 
Y 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
Y 
Y 
Y 
N 
N 
Y 
N 
Y 
Y 
N 
Y 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
LVEF 
(%) 
37 
49 
15 
12 
20 
30 
17 
80 
20 
30 
62 
37 
50 
22 
67 
13 
50 
49 
30 
24 
30 
55 
32 
22 
20 
50 
14 
15 
13 
52 
24 
20 
20 
32 
27 
55 
27 
20 
27 
45 
Drug 
Failures 
7 
4 
o 
o 
2 
4 
4 
o 
4 
7 
o 
4 
4 
3 
2 
6 
2 
3 
3 
4 
2 
5 
4 
4 
o 
2 
4 
2 
5 
4 
2 
ILV Patch as 
Anode 
(DFT) 
15 
15 
30 
20 
15 
20 
20 
5 
10 
20 
2 
25 
10 
25 
5 
15 
15 
20 
40 
30 
40 
30 
15 
>40 
10 
20 
20 
10 
>40 
40 
10 
20 
10 
10 
10 
10 
10 
15 
15 
7 
ILV Patch as 
Cathode 
(DFT) 
30 
30 
>40 
>40 
35 
30 
30 
25 
25 
30 
10 
40 
20 
>40 
15 
20 
30 
>40 
30 
25 
30 
10 
10 
40 
5 
10 
10 
>40 
40 
10 
20 
10 
10 
10 
10 
10 
15 
15 
7 
Final 
DFT 
15 
15 
30 
20 
15 
20 
20 
5 
10 
20 
2 
10 
10 
15 
5 
15 
16 
20 
20 
25 
20 
10 
10 
20 
5 
10 
10 
5 
15 
15 
10 
20 
10 
10 
10 
10 
10 
15 
15 
7 
*Concomitant coronary bypass surgery (CABG). CAD = coronary artery disease; CMY = cardiomyopathy; DFT = defibrillation threshold Qoules); F = 
female; ILV = inferior left ventricular: M = male; MVD = mitral valve disease; N = no; NKHD = no known heart disease; NSVT = nonsustained ventricular 
tachycardia; SCA = sudden cardiac arrest; Pt. = patient; ToF = tetralogy of Fallot; VF = ventricular fibrillation; VT = sustained ventricular tachycardia; Y = 
yes. 
22.6 ± 12.2 J (p = <0.01). There was a discrepancy between 
the lower defibrillation threshold at the time of polarity 
reversal and final defibrillation threshold for seven patients 
(Table 1). Patients 14, 18,29 and 30 underwent right minitho-
racotomy after polarity reversal and Patients 12, 21 and 24 
underwent change of patch position after polarity testing. In 
all seven patients, these maneuvers resulted in an improved 
defibrillation threshold and consequently these final patch 
positions were accepted. 
Magnitude of polarity effect. The magnitude of the polar-
ity reversal effects ranged from 5 to 25 J. In 14 patients, 
polarity change alone produced a satisfactory defibrillation 
threshold, However, in 28 patients (70%) when polarity was 
assessed, one configuration produced a lower defibrillation 
threshold than the other. No variable analyzed predicted 
which configuration would produce the lower threshold. 
Polarity switch did not affect defibrillation threshold in 12 
patients (30%). 
Other clinical variables (Table 2). When the three groups 
were compared, no significant difference was seen with 
respect to left ventricular ejection fraction, previous drug 
failures, intraoperative inductions, total shocks delivered, 
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Table 2. Clinical Variables in 40 Patients 
Group I Group 2 Group 3 
(n = 19) (n = 9) (n = 12) 
Age (yr) 53.3 ± 12.7 65.3 ± 7.2* 56.6 ± 11.9 
LVEF(%) 36.3 ± 19.6 29.1 ± 14.6 34.3 ± 15.8 
Drug failure 3.2 ± 2.2 3.0 ± 1.73 3.0 ± 1.35 
VF inductions 10.5 ± 5.9 8.3 ± 3.5 7.5 ± 3.7 
Total shocks 20.4 ± 12.3 17.0 ± 11.8 11.8 ± 8.3 
Follow-up days 553 ± 274 460 ± 264 555 ± 256 
Spontaneous 2.5 ± 6.8 0.6 ± l.l 4.7 ± 7.6 
discharges 
Tachycardia detection 187 ± 17 189 ± 19 193 ± 14 
(beats/min) 
Defibrillation threshold 14.9 ± 6.7 12.8 ± 7.1 12.3 ± 3.7 
*p < 0.05 versus Group I. L VEF = left ventricular ejection fraction. 
Group I = patients with a lower defibrillation threshold with the left 
ventricular inferior patch used as an anode; group 2 = patients with a lower 
defibrillation threshold when this patch was used as a cathode; Group 3 = 
patients who had identical defibrillation thresholds with the patch in either 
polarity. 
duration of follow-up, spontaneous discharge, programmed 
tachycardia detection rate and defibrillation threshold. How-
ever, Group 2 patients were slightly older than Group 1 
patients (65.3 ± 7.2 versus 53.3 ± 12.7 years; p < 0.05). 
Discussion 
Effect of patch polarity. In this study, we demonstrated 
that current direction between two large electrode patches is 
an important determinant of defibrillation threshold at time 
of AICD implantation when a monophasic pulse waveform is 
used for defibrillation assessment. Which polarity produces 
the lesser defibrillation threshold, however, cannot be pre-
dicted before operation. With the inferior left ventricular 
patch as an anode, 19 patients had a lower defibrillation 
threshold and with the inferior left ventricular patch as a 
cathode, 9 patients had a lower defibrillation threshold; 12 
patients had an identical defibrillation threshold with both 
configurations. In two patients in this series, merely revers-
ing polarity resulted in a defibrillation threshold <25 J, 
whereas with the prior configuration, the patient required 
external countershock. When the energy delivered at time of 
polarity reversal was directly compared, there was a statis-
tically significant 20% lesser energy requirement for defibril-
lation with the inferior left ventricular patch as an anode. 
Other investigators (1) reported a difference of similar mag-
nitude (23%) in a series of 21 out of hospital survivors of 
ventricular fibrillation undergoing AICD implantation. 
The current study extends these observations to a larger 
and more diverse group of patients, including those with 
sustained ventricular tachycardia who did not respond to 
serial electrophysiologically guided, antiarrhythmic drug tri-
als. However, we noted that a significant number of patients 
(23%) had a lower defibrillation threshold with the inferior 
left ventricular patch as a cathode. For this reason, we 
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recommend that polarity reversal be assessed in all patients 
undergoing AICD implantation. One group (7) speculated 
that the lower defibrillation threshold noted with the anodal 
configuration may relate to the "anodal dip" phenomenon 
(superiority of anodal to cathodal stimulation during pacing 
in the relative refractory period). 
In a previous canine experiment, Schuder et al. (12) noted 
that defibrillation was more frequently accomplished with 
the left ventricular patch as a cathode. The disparate results 
of these investigations may be explained on the basis of 
model, methodologic and protocol differences. However, in 
the context of the present study, we believe that they 
illustrate the randomness of the polarity effect and add 
further weight to our recommendation that polarity reversal 
be assessed at implantation. 
Possible mechanism. It is not clear why reversing the 
polarity affects the energy required for defibrillation. The 
geometric alignment of cardiac myocytes may playa role. 
Jones et al. (13,14) observed that the response of an asym-
metric configuration of myocardial cells to electrical field 
excitation is dependent on the polarity of the field and noted 
that the imposed potential caused by a specific external field 
intensity is maximal at the poles facing the electrode. If one 
considers the individual sarcomere, one can envision contact 
of the current flow at one end but exit of the current flow 
before the distal end is reached because the cell deviates 
from the plane of the energy current. When polarity is 
reversed, the current flow enters the cell at this point of 
angulation from the plane. The intact heart may be consid-
ered as a combination of asymmetric cells. Thus, the net 
orientation of the cardiac myofibrils will determine which 
polarity will maximize the additional imposed potential. 
Safety margin for defibrillation. In a recent study, March-
linski et al. (15) concluded that an energy difference of 
> 10 J between the defibrillation threshold and the AICD 
energy rating is desirable to ensure successful defibrillation. 
The currently available devices have a maximal energy 
output of 32 J unless they are custom built with high output 
capability. Newer devices currently undergoing clinical eval-
uation have programmable energy output levels as high as 
40 J (16). Thus, for currently available devices, a defibrilla-
tion threshold of <20 J is desirable. We strive to achieve this 
target by initially reversing polarity and then adjusting patch 
position. 
Study limitations. Although the concept of a true precise 
reproducible defibrillation threshold has been brought into 
question (10,17), from a practical point of view, some 
method of comparing defibrillation electrode systems is 
necessary to establish a safety margin for defibrillation 
(18,19). Failure to standardize techniques is likely to lead to 
conflicting results. The duration of ventricular fibrillation 
before defibrillation may affect the defibrillation requirement 
(20). Similarly, the technique of ventricular fibrillation induc-
tion and the characteristics of the inducing current may 
affect the measured defibrillation threshold. 
The precision of the external cardioverter-defibrillator is 
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problematic because at energy levels >5 J, the device has a 
maximal resolution of only 5 J. For example, the actual 
defibrillation threshold may be between 5.1 and 9.9 J and yet 
will be measured by this technique at to J. Although large 
numbers of patients will minimize the risk of statistical 
aberration, the possibility of such an aberration is recog-
nized. 
The effect of sequencing is not well defined. Murakawa et 
al. (21), using an open chest anesthetized dog model, showed 
no effect of an unsuccessful low energy shock on the energy 
requirement for subsequent defibrillation. In contrast, Bardy 
et al. (5), reporting intraoperative data from AI CD implan-
tation procedures in 14 patients, observed that unsuccessful 
defibrillation pulses increase the amount of delivered energy 
needed in a subsequent rescue pulse by an average of 61% 
compared with the amount of energy believed necessary by 
defibrillation threshold determinations. Some of our patients 
received four consecutive unsuccessful shocks during the 
course of defibrillation threshold testing. However, these 
inductions were not used for the assignment of the defibril-
lation threshold. Therefore, we do not believe that sequenc-
ing had a significant impact on our results. 
Conclusions. Our data indicate that the electrode polarity 
producing the lowest defibrillation threshold cannot be pre-
dicted before operation. Furthermore, the polarity effect is 
quantitatively significant and clinically relevant in many 
patients. Therefore, we recommend that optimal polarity 
should be assessed for each patient at the time of AICD 
implantation. 
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